Geothermal energy is the key to drive the plate tectonics and Earth's interior thermodynamics. The surface heat flux, as measured in boreholes, provide limited insights into the relative contributions of primordial versus radiogenic sources of the mantle's heat budget.
Introduction
Radiogenic heat is an important ingredient for the Earth's interior dynamics and evolution, among which 99% comes from the radioactive decays of (Bellini et al., 2010) . However, the working geoneutrino detectors (KamLAND and Borexino) have not accumulated geoneutrino data with precision good enough to discriminate the different models that parameterize the composition of the BSE. Now we have a new opportunity for better geoneutrino measurement with the development of the Jiangmen Underground Neutrino Observatory (JUNO). The JUNO facilities will include a 20 kton liquid-scintillator detector , which is 20 times the size of the KamLAND detector and 60 times larger than the Borexino detector. JUNO will be able to detect a much larger number of geoneutrino events per year, and therefore can measure the Earth's total geoneutrino flux with higher precision (Han et al., 2016) .
The directionality of geoneutrinos is presently not detectable by the liquid scintillator, which is only sensitive to the integrated flux of all directions. This means the experiment cannot separate the mantle contribution from the crust contribution. In order to enable a quantitative test of different compositional models of the mantle, an accurate estimation of the crust geoneutrino flux is required in advance (Dye, 2010; Šrámek et al., 2013) . The geoneutrino flux from a source decreases with distance via the inverse square law. The regional crust within 500 km around the detector contributes more than 50% of the total geoneutrino signal (Mantovani et al., 2004) . A refined 3-D model of the local crust is important for precise estimation of the crust geoneutrino flux. So far, the existing crustal model for JUNO geoneutrino estimation only focused on constructing a geophysical model of the local crust (Reguzzoni et al., 2019 ). Here we work on establishing a refined 3-D crust model of the closest 10° × 10° grid surrounding the detector, by integrating geological, geochemical, and geophysical data. This model is then used to calculate the crustal contribution of geoneutrino signal at the JUNO detector with uncertainty. We also discuss the way in building a crustal composition model cell by cell to improve the uncertainty of the estimated crust geoneutrino flux, so that the mantle geoneutrino flux (i.e., its HPEs abundances) can be better constrained with future geoneutrino measurements.
Research Area and Geologic Background
The JUNO detector is located on the coastline of South China (N 22.12, E 112.52).
Our local 3-D crust model focuses the closest 10 × 10 grid surrounding the detector (N 17-27, E 107.5-117.5). The study area is mainly comprised of the South China Block to the northwest and the South China Sea to the southeast (Fig. 1) . The South China Block was constructed by two microplates: the Cathaysia and Yangtze Blocks. The Cathaysia Block is primarily composed of Paleoproterozoic basement and sporadic crustal fragments with Late Archean ages of ~2.5 Ga (e.g., Chen and Jahn, 1998) . In contrast, the Yangtze Block has a stable Archean basement dated up to >3.2 Ga with an average age of 2.7-2.8 Ga (e.g., Gao et al., 1999) . The Cathaysia and Yangtze Blocks collided and amalgamated during the Early Neoproterozoic (ca. 800-850 Ma), and the suture zone is also known as the Jiangnan Orogeny Belt (e.g., Li and Li, 2007) .
The thickness of the South China continental crust varies between ~30-40 km (e.g., Hao et al., 2014) . The regional crust is mainly composed of crystallized basement including meta-sedimentary and meta-igneous rocks, Precambrian-Quaternary strata, and granitic intrusions. The Precambrian-Quaternary strata can reach up to >5 km of thickness and include variable lithologies, such as sandstone, mudstone, carbonate, and minor volcanic rocks. Many of the sedimentary strata have been metamorphosed at low grades. The granitic intrusions are mainly distributed along the coast, which are the results of three epochs of tectonic-magmatic activity. In the Early Paleozoic, intensive reworking of the South China crust has given rise to voluminous intraplate migmatites and granites (e.g., Faure et al., 2009). The collision between the South China Block and the North China Block in the Triassic also leads to extensive magmatism (e.g., Chen and Jahn, 1998). Later on, large volumes of granites were emplaced in the Jurassic and Cretaceous periods as the result of regional compression or extension (e.g., Zhou et al., 2006) . Overall, the ages of the granite intrusions increase towards inland.
The South China Sea can be divided into three parts, the northern continental margin, the central oceanic basin and the southern continental margin. Our research area covers most of the northern continental margin and a small portion of the oceanic basin. The oceanic basin is widely accepted to be formed by Paleogene continental rifting and subsequent oceanic floor spreading during the Oligo-Miocene (e.g., Holloway, 1982; Clift and Lin, 2001 ). The northern continental margin is a rifted continental margin that is formed by progressive extension of the lithosphere, which mostly resembles the style of a magma-poor margin but manifests For each cell, if more than 5 samples are available for a certain geologic unit, its expected U and Th abundances and associated errors are calculated from the available data of this geologic unit in the cell. However, if less than 5 data points are available for a geologic unit within a cell, its expected U and Th abundances and errors are calculated from all data of this geologic unit in the entire research area. Where the data points are less than 10, the mean and the standard deviation are reported as the expected abundance and uncertainty, respectively.
When more than 10 samples are available, the expected abundances and uncertainties are derived from a normal or lognormal distribution fit. The Kolmogorov-Smirnov (K-S) statistical test is applied to discriminate the normal and lognormal distributions. antineutrino survival probability are expected to introduce an uncertainty of less than one percent to the geoneutrino signal, which is negligible compared to the uncertainties introduced by the density and abundance estimation.
The uncertainties associated with the input random numbers are propagated through the geoneutrino signal calculation to the distribution of the geoneutrino signal, which are characterized by the median values and 1 σ errors as reported in Table 2 . Overall, the uncertainties of the top layer are significantly smaller than the other 3 layers. This is because of the statistically independent summation of the geoneutrino contributions from each cell of the top layer. In this case, one has the following two assumptions: Firstly, the rock samples have no correlation between different cells.
Secondly, there are enough rock samples in each cell to describe the abundance distribution. The above assumptions are not always true in our model, since some cells do not have enough samples so that the composition of those cells can be independently constrained. Therefore, the error of the top layer presented here is the possible minimal error. The total predication from the refined Local
Crust is SLOC=28.5±4.5 TNU (a Terrestrial Neutrino Unit (TNU) is one geoneutrino event per 10 32
target protons per year).
Table2 the predicated geoneutrino signal(S) from local crust in the 10°x10° area around JUNO and uncertainty(σ) in TNU, the results include the contribution from Continental Crust and Oceanic Curst, the geoneutrino signal spectrum are in Fig. B1 To . Consequently, we can accomplish the total geoneutrino signal prediction at JUNO (Table 3 ). In Fig. 5 , the cumulative crust geoneutrino signal and its percentage in total geoneutrino signal are plotted versus the distance to the JUNO site, from which one can see that the local 10° × 10° area contributes to more than 55% of the total signal. 
Discussion

The Local 3-D Geophysical Model
Compared to the earthquake-based travel time or surface wave tomography, whose China Basin) show low-velocity and low-density anomalies at the depths shallower than ~ 10 km, whereas the eastern margin of Tibet Plateau has low-velocity and low-density anomalies in the mid-lower crust at depths of 20~45 km.
The Geology and Geochemical 3-D Model
The predicted bulk crustal geoneutrino signal at JUNO (38.3±4.8 TNU) is somewhat higher (~23%) than those predicted for other observation stations (e.g., 31.1 .
.
TNU for SNO+, Strati et al., 2017
). The estimated geoneutrino flux at JUNO in this study is also significantly higher (~36%) than previous studies (e.g., 28. Therefore, our model supports recent reworking of the South China crust with limited mantlederived melts to account for the massive granite formation.
The Future Precision for the JUNO measurement
To discriminate different models of mantle composition with the JUNO geoneutrino measurement, the uncertainty of the estimated local crust signal needs to be reduced to less than 8% in order to reach a significance of better than 3σ for the mantle signal estimate (Han et al., 2016) . In this work, the local crust contribution of the geoneutrino signal is 28.5±4.5 TNU, corresponding to an uncertainty of 15.7%, which is better than the global model of 17% but still needs further improvement. Our calculation suggests that both the basement layer and top layer of the local crust are the main sources of geoneutrinos. However, the uncertainty from the top layer is significantly lower than that from the basement layer (Table 2) . One important reason is the tremendous difference in the sample quantities of the two layers. For the top layer,
we assume that the composition of each cell is independently constrained, and thus there is no correlation between the errors of each cell. Consequently, the uncertainty of the top layer is reduced to be around 5%. In contrast, the U and Th abundances of the whole basement layer are estimated based on the composition of low-grade metamorphic rocks, and considered to be uniform. Thus, the errors of different cells are correlated, resulting in an uncertainty as large as 45%. Therefore, the apparent solution to reduce the uncertainty is to obtain additional samples of the basement layer to reduce the uncertainty correlation between different cells. Moreover, the uncertainty also depends on the size of each cell. The smaller the cell size is, which means there are more independent cell units, the smaller the uncertainty will be, as shown 
Conclusions
In this paper, we have constructed a We use the method described above to simulated one thousand possible JUNO crustal 230 geoneutrino measurements using a toy Monte Carlo. In each simulation, we have attributed to each 231 spectral component a rate randomly extracted from the Gaussian distributions according to 232 CRUST1.0 global structure model and global crustal composition model (Rudnick and Gao, 2003) . 233
In the simulations we have included 5% thickness and density uncertainties each, and the 234 uncertainties from the U/Th composition inherited from (Rudnick and Gao, 2003) . The possible 235 precision of crustal geoneutrino signal prediction under these conditions was evaluated for 1°×1° 236 and 0.5°×0.5° cell size, we assumed the uncertainty has no correlation between different cell. 237 
